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coordinateZ¯= ZL0 atfourdiﬀerentloadingtimes:(a)t=46µsandt=52µs(b)t=72µsandt=74µs.AﬁniteelementcalculationispresentedforL0=40mm andR0=1mm. Theinitialstrainrateisε˙0=10000s−1. No
strainratedefectisincludedinthemodel.


































therangeofaxiallogarithmicstrains0.38 εZZ 0.53. Forthe1Dand3D modelsthese
valuesofstraincorrespondtoaverageneckspacingswithintheranges1 L¯neck/Φ0 1.37and



















































































































































































Consid`erecriterion: εbZZ =0.020,εbZZ =0.095andεbZZ =0.182.(b)t=25µs,t=30µsandt=35µswhich
correspondtobackgroundsstrainsabovetheConsid`erecriterion:εbZZ =0.405,εbZZ =0.470andεbZZ =0.530.The
initiallengthandradiusofthebarareL0=40mmandR0=1mm.
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Strainrate[s−1] Strain-FE time[µs]-FE Strain-1DLSA time[µs]-1DLSA Strain-3DLSA time[µs]-3DLSA
200 0.256 1456 0.256 1456 0.256 1456
1000 0.298 348 0.303 357 0.303 357
2000 0.347 208 0.340 202 0.344 205
5000 0.412 102 0.416 103 0.427 106







































































1D model (cumulative index)






























Normalized defect amplitude, ϖ(%)
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Figure20:HistogramswhichpresentthenumberofnecksasafunctionofthenormalizedLagrangianneckspacing
Lneck/Φ0forﬁniteelementcalculationswiththreediﬀerentinitiallengthsofthebar:L0=40mm(referencecase),
L0=120mmandL0=260mm.ThesearethenumericalsimulationspresentedinFig.19.A Weibulprobability
densityfunction(bluesolidline)hasbeenﬁttedtothenumericalresults.Theparametersofthe Weibuldistributions
are:χ=1.664,κ=8.574andλ=2.451forFig.20(a),χ=5.845,κ=8.965andλ=2.249forFig.20(b)and
χ=12.58,κ=6.539andλ=2.342forFig.20(c).
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Thecalculationspresentedinthissectionrevealthattheaveragespacingbetweenneckswhich
characterizesthemultiplelocalizationpatternisbarelyaﬀectedbytheﬁnitedimensionsofthebar.
Thegreaterthestrainrate,thesmalertheaveragespacingandthesmalertheinﬂuenceofthe
samplesizeinthenumericalresults.
7.Summaryandconclusions
Inthispaperwehavedemonstratedthattheformationofmultipleneckingpatternsinnonlinear
incompressibleelasticbarssubjectedtodynamicstretchingislargelyinﬂuencedbyinertiaeﬀects.
ForthattaskwehavecarriedoutnumericalcalculationsinABAQUS/Explicitconsideringbarsof
variouslengthsandsubjectedtoawiderangeofstrainrates. Moreover,folowingRavi-Chandar
andTriantafylidis(2015),wehaveincludedinthesimulationsastrainratedefect.Thenumerical
analysisyieldedthefolowingkeyresults:
•Thecoreofthemultipleneckingprocessoccursduringthepost-uniformdeformationregimeof
thebar,atstrainslargerthantheonebasedontheConsid`erecriterion.Itbecomesapparent
thattheexistenceofameaningfulpost-uniformdeformationprocesscannotbedisregardedin
theanalysisofmultipleneckingathighstrainrates.Thepost-uniformdeformationprocess
isgreaterasthestrainrateincreases.
•Thestrainratedefectplaysameaningfulroleintherateofgrowthoftheneckingpattern
duringthelatestagesofthelocalizationprocess,howeveritbarelyaﬀectstheaverageneck
spacing.Ontheonehand,whileitistruethatthisspeciﬁcissuestilrequiresfurtheranalysis,
ourresultssuggestthattheamplitudeofthestrainratedefectcouldplayaroleinthe
fragmentationprocess. Ontheotherhand,thenumericalcalculationshaveshownthatthe
numberofnecksismostlycontroledbythestrainrate.Irrespectiveofthedefectamplitude,
thenumberofnecksincreaseswiththestrainrate.
Theresultsofthispaperhavebeenrationalizedusing1Dand3Ddynamicstabilityanalyses.
Theagreementbetweennumericalcalculationsandlinearstabilityanalysesisanadditionalproof
oftheexistenceofdominantmodeswhichdeﬁne,atleastuptosomeextent,theaverageneck
spacinginmultiplelocalizationpatterns. Thespeciﬁcdominantmodesbeingdeterminedbythe
emergenceofinertiaeﬀectsathighstrainrates.Nevertheless,weacknowledgethatthissituation
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maychangewhenconsideringgeometricalormaterialdefectsoflarge(r)amplitude.Insuchacase,
thelocalizationpatternmaybedictatedbythepre-existingdefectsuptoacertainlevelofstrain
ratebelowwhichinertiaeﬀectsarenotdominantenoughtoinﬂuencetheneckingpattern.
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